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INTRODUCTION 


In this two part study, we report detailed boundary layer and wake 
measurements of the flow field about a double circular arc compressor blade 
in cascade. The measurements were made at an incidence anp,le of 5 degrees and 
a chord Reynolds number of 500,000. The study provides a w(‘ll documented flow 
field of some complexity which can be used to develop or Lest future 
generations of computational codes. 

In the first part of this study, we described the test facility and 
experimental methods and provided an analysis of the data. This analysis 
involves the presentation of the boundary layer and wake flow data in standard 
graphical formats rather than in listings of raw data. We recognize that this 
presentation, although best for studying the physics of the flow field, may 
not be adequate for computational comparisons. 

In this second part of the study, we make the data accessible to 
computational comparison by presenting the raw data in tabulated form. We 
also give, through example, a detailed description of our analysis procedure. 
Data developed with this analysis procedure are also presented in tabulated 
form. A computer tape containing the data is available. 

FLOW FIELD 

The flow field through the cascade of double circular arc compressor 
blades was established at a chord Reynolds number of 500,000. Figure 1 
shows the blade geometry as well as the results of the inlet and outlet flow 
measurements. The incidence angle of 5 degrees leads to the blade 
static-pressure distribution shown in Figure 2 and tabulated in Tables 1 
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and 2. The reference static and total pressures used in defining the pressure 
coefficients are = - 414.3 Pa and P == 246.1 Pa. Boundary layers 
measured on a blade with this static -pressure distribution can include 
layers that are laminar, transitional, turbulent, or separated depending on 
the location of the measurement. These measurements are first treated 
statistically and then analyzed to determine the boundary layer 
characteristics. The techniques by which we chose to analyze the boundary 
layer data is described in the following sections. 


RAW DATA 

The raw data is given in Tables 3 through 27. In general, we present 
mean velocity, local turbulence intensity, skewness, kurtosis, and percent 
backflow (reverse flow) as a function of position from the blade surface. 

For positions from 2.6% chord to 53.6% chord on the suction surface, the 
measurements were made using a laser Doppler velocimeter (LDV) with no 
frequency shifting; and hence, no percent backflow could be measured. 

Neither the skewness nor the kurtosis were calculated for these same 
positions. The remaining boundary layer and near-wake measurements were made 
using a frequency shift of 5 MHz. The far-wake measurement.s of Table 2/ were 
made with a five -hole probe rather than a LDV. Each data point in Tables 3 
through 27 is averaged over several (usually 6) experiments. The tables 
include these average values and deviations based on 95% confidence bands 
as determined by Student's t test. Mean and turbulence quantities are 
calculated in the usual manner; that is 

1 ^ 

N -i- T 
n=l 

u’2-i f (u„ - 

n==l 


and 
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while 

^ - ir^ I, 

n*=l 

N 

^ 

n=l 

Local turbulence intensity is taken as n* /\x and turbulence intensity is 
taken as u'/U^, where is the boundary layer edge velocity. 

NORMAL PRESSURE GRADIENT 

Surface curvature, blowing, or suction may induce significant streamline 
curvature in a flow. Streamline curvature in turn causes a normal pressure 
gradient which results in a cross streamline gradient in the inviscid velocity 
profile. As shown in Figures 3 and 4, the freestream velocity does not reach 
a constant value (the edge velocity, U^) . Boundary layer analyses, however, 
assume that the location of the boundary layer edge is known and that a 
constant freestream velocity exists outside the boundary layer. To use or 
formulate a boundary layer analysis, the procedure must account for the effect 
of the normal pressure gradient. 

Mellor and Wood [1971] and Ball, Reid, and Schmidt [1983] outlined one 
method which accounts for these effects. The method assumes that the measured 
velocity profiles represent composite profiles. This implies that each of the 
profiles has a region where the viscous effects predominate, a region in which 
viscous effects are negligible, and an intermediate region in which the 
viscid- inviscid results match. Mathematically, the measured composite profile 
is the sum of a boundary layer profile and an inviscid profile, less what 
appears in both. The last quantity is commonly called the boundary layer edge 
velocity, U^. That is 

^eas ^b£ “*■ ^inv ’ 

Clearly, both the boundary layer velocity and the measured velocity 
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^eas to zero at the wall, so that 

wall 

and the scheme reduces to finding the value of the edge velocity. 

The validity of applying this procedure to velocity data is difficult to 
establish. However, it does allow for a consistent method to analyze measured 
velocity profiles provided that the inviscid region can be properly identified 
from the data. There does not appear to be a rigorous way to do this, so that 
as in the prior reported study (Deutsch and Zierke [1984]), a consistent 
method which produces plausible results is adopted. 

A least-squares technique is used to fit a polynomial to the inviscid 
velocity profile. Since the inviscid profiles may have significant curvature, 
the analysis provides an option of fitting the inviscid profile with a linear, 
quadratic, or cubic polynomial. The difficulty lies in choosing the data 
points to be included in the least- squares analysis. To minimize this 
problem, the number of data points used in the polynomial fit was varied. 
First, the maximum number of points, which could possibly be within the 

inviscid region was determined. For dp/dy > 0 (as an example see Figure 3), 
Nmax taken to be the number of points between the point furthest from the 
wall and the point of maximum velocity. For dp/dy < 0 (as an example see 
Figure 4) , the data point at which the profile slope changes by at least 50% 
is used instead of the point of maximum velocity. For the data in Figure 3, 
^max determined to be 19, while was found to be 24 for the data of 

Figure 4. Many applications have shown that for the region of 0.55 < 

^inv — ^*95 Nj^ax» value of is relatively independent of the numl^er of 

points in the fit. This is clearly shown for the data of Figures 3 and 4 in 
Table 28. Each polynomial was extrapolated to the wall to obtain and a 
mean and a standard deviation of all values of were determined. The degree 
of the polynomial was chosen to minimize the standard deviation of Ug . These 
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standard deviations have been observed to be quite small (~ 0.3%). A u 
profile was calculated using the mean value of Ug and a polynomial fit of 
Uinv used, == 0.75 as the number of data points in the fit to 

determine Ug as the Ug found in this way was consistently close to the average 
Ug . A smoothed spline fit of the boundary layer velocity profile was used to 
calculate the boundary layer thickness, 6. 6 is taken at the position at 

which 

u - 0.99 Ug . 

Figures 5 and 6 show the reconstructed boundary layer profiles (triangles) 
corresponding to Figures 3 and 4. As might be anticipated, the effect of the 
normal pressure gradient does not penetrate far into the boundary layer. 

Deutsch and Zierke [1984] discuss the plausibility of this approach by 
comparing plots of the shape of the resulting turbulence intensity versus 
normalized distance from the wall (y/5) against classical measurements. They 
conclude that the technique does indeed give reasonable results. It should be 
noted that Kiock [1983] developed an alternate method of accounting for the? 
effects of the normal pressure gradient using the equations for the boundary 
layer parameters. That technique was found here, however, to be too difficult 
to employ. 

SPLINE FIT 

Comparisons between boundary layers are often made in terms of simple 
integral thicknesses or their ratios (shape factors). 

In order to calculate the boundary layer integral parameters, the 
analysis must fit the velocity data points with a mathematical curve. A 
parametric cubic spline was used for the curve fit. This curve parametrically 
develops the u and y ordered pairs as independent functions of the overall 
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arc length of the curve. Even this curve fit tends to oscillate when a cus]> 
appears in the profile. Therefore, a smoothing routine was added to the 
spline fit. Near the wall, a parametric cubic spline was fit between the data 
point nearest to the wall and the zero velocity point that would occur at the 
wall. For boundary layer profiles not well resolved in the near -wall region, 
this latter fit represents the largest potential error in the calculation of 
the integral parameters. Figures 7 and 8 show the calculated spline fits to 
the boundary layer profiles of Figures 3 and 6. 


BOUNDARY LAYER INTEGRAL PARAMETERS 

The most common of the parameters which characterize^, the boundary layer 
are integral thicknesses based on the conservation of mass, momentum, and 
energy. In effect, the boundary layer acts to displace the streamlines in the 
flow outside the boundary layer away from the wall. A displacement thickness, 
8 , can be defined as the distance by which the solid surface would have to be 
displaced to maintain the same mass flowrate in a hypothetical inviscid flow. 
For steady, incompressible flow, 6 can be defined as 

5 (1 - TT)dy 

Jo 


8 is probably the most fundamental integral thickness and is commonly used as 
a normalizing factor in presenting data since the alternative, the boundary 
layer thickness, is difficult to measure. A momentum thickness, 0 , can be 
determined from the steady, incompressible momentum equation as 


u 


The momentum thickness represents the momentum loss due to the presence of the 


boundary layer and is proportional to the drag when no streamwise pressure 
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gradient exists. Many empirical correlations use the momentum thickness. 
Finally, a steady, incompressible energy thickness can be defined as 

■ 7o ^ ■ 

Reynolds numbers can be formed based on all three of these integral 
thicknesses using the boundary layer edge velocity. They are especially 
useful in describing the boundary layers just before, during, and just after 
transition. 

Some parameters describe the shape of the velocity profile. The first 
and second shape factors of the velocity profile are defined as 



and 

« 32 - — 

Note that the definitions require that both shape factors be greater than 
unity. For laminar boundary layers, the first shape factor lies between 3.3 
and 2.3. Transition brings about a considerable drop in H][2 ^ 

turbulent boundary layer in which Hj^2 lies between 1.3 and 2.2. Laminar 
separation takes place at a value of H]^2 3.5 while turbulent separation 

takes place at a value of H ]^2 2 . 2 . 

In the current study, the integral parameters and shape factors were 
found by integrating the spline fit using a trapezoidal rule with very fine 
spacing. Values of these parameters and the associated Reynolds numbers are 
given in Table 29 for each of the profiles shown in Figures 7 and 8. Based on 
the work of Purtell, Klebanoff, and Buckley [1981J and Murlis, Tsai, and 
Bradshaw [1982], one would anticipate that the Re^ for the profile of Figure 8 
is too low to support turbulence. 
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SIMILARITY SOLUTIONS FOR LAMINAR BOUNMRY LAYERS 


For a constant streamwise pressure gradient, laminar boundary layers can 

be plotted in such a way as to collapse them all to the .same curve. Such 

laminar boundary layers are said to be soli- similar and solutions to the 

boundary layer momentum equations may be solved using a similarity solution. 

A similarity solution reduces the number of variable.s t ite equation )>y us in- 

a coordinate transformation. The boundary layer moment urn equat ion lor st(*ady 

flow can be written as 

^ ^ 1 ^Pe 

^ 5x 5y p dx ^ ^ ^y^ 

Several different coordinate transformations have been used for similarity 
solutions. One such transformation is the Levy-Lees transformation (sc‘o 
Cebeci and Smith [1974]) which is given as 

__ , ^ 




and 


1 ^e V 

V ■ (7T^) if) J R 

J2^ ^ref V ^ 


where 


Re - 




These transformation variables are for an incompressible flow with a constant 
value of viscosity. The variables and t refer to a reference velocity 

and a reference length, respectively. A similarity function, f, can then be 
defined from the streamfunction, tp, as 

V>(x,y) = M f(4,v) 


where 
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The boundary layer momentum equation for steady, incompressible flow can now 
be transformed into the following differential equation 


f'" + ff" + /3(1 - f'^) = - f^f") 


« 2£_ dUe 

^ Ue d^ 

^ is a streamwise pressure gradient parameter and must be determined from the 
measured streamwise static-pressure distribution. These measurements are also 
required to determine the values of . When f has a prime for a superscript, 
it refers to a derivative with respect to r/ . A derivative with respect to ^ 
is noted by a subscript 

Falkner and Skan [1931] developed a similarity solution for laminar 
boundary layers flowing over wedges with constant streamwise pressure 
gradients. In terms of the Levy-Lees coordinates, the Falkner- Skan solution 
involves no changes in the ^ direction. Thus all derivatives with respect to 
^ (of f) are zero and the boundary layer momentum equation lor steady, 
incompressible flow reduces to the following ordinary diffc?rent ial equation. 


f' ' ' + ff" + fid - = 0 


The present boundary layer analysis solves this equation using the solution 
scheme of Hoffman [1983]. The Falkner-Skan solution represents a very good 
approximation of the laminar boundary layer solution in two cases: first, when 
the streamwise pressure gradient changes only slowly in the streamwise 
direction, and second, near the leading edge of the boundary layer surtace 
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(since ^ is very small and the Levy-Lees transfonmui equation is approximated 
quite well by the Falkner-Skan equation) . In the previous equation when iy> 
equal to zero, the Falker-Skan solution reduces to the orip, inal similarity 
solution of Blasius [1908] for laminar l>oundary layers with no streamwise 
pressure gradient. Separation of the laminar boundary layer will occur for a 
P with a value of -0.199. 

Figure 9 compares the profile of Figure 8 with a Falkner-Skan profile at 
an equivalent p. Although the streamwise pressure gradient is not constant 
here, the comparison is quite p,ood . The profile of Figure 8 (via Figures A 
and 6) is laminar. integral paramc^ter.s and skin friction values can bo 
computed from the Falkner-Skan solution. These are presentinl in Table 29; 
where appropriate they are compared to the values calculated from the spline 
fit. 

WALL-WAKE VELOCITY PROFILE FOR TURBULENT BOUNDARY LAYERS 

Turbulent boundary layers are commonly divided into different regions. 

The innermost region is dominated by viscous shear and is self- similar for all 
turbulent boundary layers. This region is call the viscous sublayer and is 
described by 


yur 



or 


u 


where u“*” and y"^ are called inner variables. u^ is called the shear or 
friction velocity. Outside of the sublayer but still very close to the wall, 
the velocity is logarithmic with distance as 


u+ - ^ In(y') 


c 
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The viscous sublayer and logarithmic region overlap in a region called the 
buffer layer. Collectively the sublayer, buffer layer, and logarithmic layer 
are called the "law of the wall." Streamwise pressure gradients have 
essentially no effect on this region. Outside of this wall region, the 
strearawise pressure gradients are important and the velocity profile exhibits 
a wake- like form. Coles [1956] developed an equation for the wake region 
called the "law of the wake." His composite equation included a wake-like 
function added to the logarithmic equation. This wall -wake equation can be 
written as 

u+ - 7 £n(y+) + c + 5 W(J) 

K K 0 

where 

W(^) = 2 sin2(|J) - 1 - cos(^) 

W is called Cole's universal wake function and is normalized to be zero at the 
wall and to be two at y = 5. Coles' wake parameter II brings in the effect of 
the streamwise pressure gradient and has a value of approximately 0.5 for a 
zero pressure gradient flow. Coles and Hirst [1968] later examined the data 
from a number of turbulent boundary layer experiments and determined that the 
von Karman mixing length parameter, «, should be 0.41 and the law-of- the-wali 
constant, C, should be 5.0. 

The analysis of turbulent boundary layers should include a fit of the 
data to the wall -wake equation. A least- squares fit of the data to the 
equation was chosen with u^ and II as the variables to be determined and 6 
considered to be a known quantity.* The error between each data point and the 
wall -wake equation is 

* An attempt to use all three variables (u^ , II, and 6 ) in a least square.s 
scheme produced inconsistent results. 
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Ea - 


1 

ln( ^ ) 


u^C + 


u^n 

K 


II - 


cos( ^ ) 


- U,' 


Now the minimum error squared of all the data points must be found with 
respect to both u^ and II. Taking the partial derivative of the error squared 
for each data point with respect to u^ and II yields 


3Ei 1 

ln( 


U K 


+ - [1 
K 


cos(— ) ] 


and 


3Ei 

an 


u^ Try 4 

2Ei {— [1 - cos(-^)]} 


Summing for all the data points and setting the two expressions equal to 7.ero 
gives two equations 



and 


aEj 

an 


0 


which can be solved simultaneously for u^ and II to give the minimum squared 
error. A secant method is used to solve the simultaneous non-linear equations. 
Sun and Childs [1976] presented a similar method for compressible turbulent 
boundary layers using the velocity transformation of van Driest [1951]. 

In order to use the fit of the wall -wake equation, the range of data 
points to be used in the fit must be considered. White [1974] states that the 
logarithmic region does not hold for y"*" < 35 (corresponding roughly to 
y/5 < 0.02). For a large wake component, Coles and Hirst [1968] state that 
the region being fit should not include y/S > 0.9. They suggest that this 
number should be reduced to 0.75 for a zero streamwise pressure gradient and 
0.6 for a vanishing wake component. Here the region 0.05 < y/S < 0.75 was 
used: Sensitivity to the specific range* of data points was not large. 



13 


Figure 10 shows the data of Figures 7 (via Figures 3 and 5) in inner 
variables. Parameters determined from the wall-wake fit are given in 
Table 29. 

Streamwise pressure gradients can have a strong effect on the outer 
region of a turbulent boundary layer. Typical profiles at an Re^ of 5,000 lor 
values of II of -0.5, 0.5, 0.5, 2.0, and 5.0 are shown in Figure 11(a) for 
illustration. We should note that the value of Re^ controls the size of the 
logarithmic region. Shown in Figure 11(b) are profiles for Re^ of 500, 1,000, 
5,000, and 10,000 and a II of 0.5. Note the difficulty in discerning a 
logarithmic region for a Re^ of 500. 

Most analyses, short of direct computation, consider boundary layers in 
which the pressure gradient is constant, so that the profiles are self- similar 
with downstream distance- -so called equilibrium layers. Clauser [1954, 1955] 
conceived of a parameter 




Tw dx 


to characterize equilibrium. Here is the wall shear stress. A turbulent 
boundary layer with a constant has outer region similarity and is called an 
equilibrium turbulent boundary layer. All of the gross properties of that 
boundary layer can be described with a single parameter. Clauser {1954, 1955] 
chose the parameter G, where 



G is called Clauser 's shape factor and A is termed the defe^ct thickness. 
Values of G and A for the profile of Figure 7 are 



lA 


G « 19.47 

and 

A * 142 . 1 mm 

The turbulent boundary layer profiles on the cascade blade are non- 
equilibrium. In practice, one expects non-equilibrium to be the rule rather 
than the exception. 

SKIN FRICTION COEFFICIKNT OF A TU RBUl.KN T BOUND ARY I7VYKR 

Ludweig and Tillman [1949] dev('lopc‘d an empirLcal ex[>rossion for the skin 
friction coefficient of a turbulent boundary layer. The curve -fit expression 
from their experimental data is 

= 0.246 "12 

Skin friction coefficient (Cf) , wall shear stress (r^) and friction velocity 
(u^) can be related by 



The friction velocity calculated from the Ludweig~T i I 1 man expression 
agrees well with that calculated from the wall-wak(^ fit for all the non- 
separated turbulent profiles measured. 

TRANSITION 

Transition represents the region in which a laminar boundary layer 
becomes turbulent. The length of the transition region depends strongly on, 
among other parameters, the streamwise pressure gradient and the freestream 
turbulence intensity. The incomplete transition of the pressure surface 
profiles i.s shown in Figure 12. Here* t lu‘ ( ran/; i t Lon is t termed i lu'ionipl (‘ ( c as 



15 


the profile at 97.8% chord does not contain a logarithmic region. Also, R.e^ 
is below that believed capable of sustaining full turbulence. Note the 
comparison with the Falkner-Skan profiles, particularly the thickening of the 
profile in the near-wall region. 


WAKES 

Initially, the analysis of the wake profiles proceeds in the same manner 
as the analysis of the boundary layer profiles. Since the static pre5Jsure is 
normally constant across the wake, the analysis does not have to account for 
a normal pressure gradient. A spline is used to curve fit the data points 
from the point of minimum velocity to the last point in the freestream on 
one side of the wake. Integral parameters can then be calculated for this 
side of the wake. The analysis is repeated on the other side of the wake. 

The integral parameters for the entire wake can be found simply by summing 
the parameters for each side of the wake. One would expect 112^2 decay 
asymptotically to 1.0 as the wake mixes out. 

Wake similarity requires different length scales on the pressure 
side, Lp, and the suction side, Lg , of the wake. and are the d1 stances 

on the pressure and suction sides of the wake center! iiu* 1 rom the point of 
minimum velocity to a point where the velocity defect is (U^ - u^l ^/2. 
Lakshminarayana and Davino [1979] suggested a Gaussian distribution to 
correlate the wake data, 

b0 - u = ^-0.693^7 

Ue - ’^CL 

where r) is the distance across the wake normalized by the appropriate length 
scale. One would expect that only far wakes would show similarity with this 
type of correlation. 
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ANALYSIS OF CURRENT DATA 

The analysis that has just been described was carried out on the 
raw data of Tables 3 through 27. After accounting for the normal pressure 
gradient, we computed the boundary layer edge velocity and the boundary layer 
thickness for the boundary layers on the pressure surface. Table 30 shows 
these values along with their standard deviations. The computed value of 
S at 2.7% chord is doubtful. The measured velocity profiles were then 
reconstructed to obtain the boundary layer velocity profiles as shown in 
Tables 31 through 41. These tables also include the profiles of turbulence 
intensity which were obtained using the vaJues of given in Table 30. 

The reconstructed boundary layer profiles on the pressure surface 
were spline fit and integrated to obtain the various boundary layer 
parameters. Table 42 shows these parameters. We note here that 
throughout this analysis, the value of p was taken as 1.205 kg/m^ and 
the value of i/ was taken as 0.150 cm^/sec . The boundary layers at 2.7%, 

5.9%, and 14.4% chord were so small that the integrations to find 6 and 
^3 are questionable. The Ludweig-Tillman equation was only evaluated at 
97.9% chord since this was the only chord position where- tlie boundary 
layer is nearly fully turbulent. Table 43 shows ti\e i)ouruinry 
layer parameters for the pressure surface as obtained from the Kalkru'r- 
Skan solution. 

We analyzed the suction surface boundary layers in a similar manner. 

Table 44 shows the values of and S (and their standard derivations) while 
Tables 45 through 55 show the reconstructed boundary layers. Table 56 shows 
the boundary layer parameters obtained using the spline fit of the data while 
Table 57 shows the parameters obtained using the least- squares fit of the data 
to the wall-wake equation. The wall-wake equation is not valid for th(' 
detached layers at 84.2% and 94.9^ ('horci. Table 5/ also sliows valties of C| 
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obtained from direct measurements within the viscous sublayer. In Part 1 
of this report, we discussed the similarity defect law for turbulent 
boundary layers developed by Perry and Schofield [1973]. The length and 
velocity scales of this similarity law are given in Table 38 for tlu‘ 
boundary layers on the suction surface. 

Tables 59 and 60 show the? velocity and turbulence intensity profiles 
in the near wakes. The far wake, shown in Table 61, has no turbulence 
intensity values since we measured this wake with a slow response five- 
hole pressure probe. After spline fitting each side of these wakes, we 
determined the boundary layer integral parameters and the similarity length 
scales. Table 62 shows these parameters for the pressure side of the wakes 
while Table 63 shows these parameters for the suction side of the wakes. 

CONCLUSIONS 

We have presented a two-part report which describes measurements of 
the flow field about a double circular arc compressor blade in cascade at 
an incidence angle of 5 degrees and a chord Reynolds number of 500,000. 

Part 1 of the report describes the facility, the measurement techniques, 
and the physics of the flow field. In this, Part 2 of the study, both 
the raw and analyzed data are presented in a tabulated form with the hope 
of encouraging computational comparisons. Also in Part 2, we include the 
details of the procedure which allowed us to analyze the raw data. Other 
analysis techniques are possible and their results might usefully be 
compared with what we have given here. 

We have place this tabulated data on a computer tape and the tape is 
available to other researchers. We should also note that similar 
measurements at additional incidence angles are currently being completed. 



Nomenc] ature 


aspect ratio 

integral layer thickness in the Perry and Schofield [1973] 
theory 

blade chord length 

law-of- the-wall constant (= 5.0) 

2 

skin friction coefficient = r^/(pU^/2) 

2 

static -pressure coefficient = (p - p^)/(pv^/2) 

error between the data and wall -wake equation 

similarity function 

Clauser's shape factor 

first shape factor -■= 6' /O 

second shape factor = 

incidence angle = 

kurtosis 

reference length 

pressure and suction surface length scales from the point of 
minimum velocity to a point where; tlie velocity defect is 
(Ue - ucL)/^ 

laser Doppler velocimeter 
data point index 
number of data points 

number of data points in the inviscid region 

maximum number of data points that could possibly be in the 
inviscid region 

static pressure 

static pressure at the boundary layer ('d^;e 
total or stagnation pres.sure 


radi us 
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Re 

Re^. 

Re^ 

s 

S 

u 


u 






u 


inv 
^eas 

Ue 

Us 

Uref 

V 

V 

W( ) 


Pc 

7 

6 


Nomenclature (Continued) 

reference Reynolds number = £ ^ref/^ 
blade chord Reynolds number = cV^/u 
momentum thickness Reynolds number = 
blade spacing 
skewness 

streamwise velocity 

root mean square value of the tvirbulent V(>Io(’ity fluctuation 

dimensionless velocity in the Inner boundary layer - u/u^ 

boundary layer veloc i ty 

shear of friction = 7r^/p 

inviscid velocity 

measured composite velocity 

velocity at the boundary layer or wake edge 

velocity scale for the Perry and Schofield [1973] defect law 
reference velocity 
normal velocity 
velocity 

Coles' universal wake function =- 2 sin^( ) - 1 - co.s( ) 

streamwise coordinate 

coordinate normal to the blade surface 

dimensionless coordinate normal to the blade surface in inner 
boundary layer variables 

Falkner-Skan streamwise pressure gradient parameter; flow angle 
measured from the axial direction 

Clauser's equilibrium parameter 

stagger angle 

boundary layer thlckruiss (where u 0.99 
d i s p 1 a c e in e n t t h 1 c k n c s s 
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Nomenclature (Continued) 


d3 

A 

g 


K 


1/ 


I 

n 

p 

o 

<!> 


energy thickness 
deviation angle = ^2 " ^2 
defect thickness 

normalized distance across the wake; dinuMisi 
similarity variable* 

momentum thickness 

Von Karman's mixing length parame*ter ( 0 . A 1 

angle 

kinematic viscosity (0.150 cm^/sec for air) 

dimensionless streamwise similarity variable 

Coles' wake parameter 

fluid density (1.205 kg/m^ for air) 

blade solidity = c/s 

wall or surface shear stress 

camber angle = ‘ 

streamfunct ion 


w 


total-pressure loss coefficient - (P - P 

1 2 


Subscripts 


CL 

at the wake centerline 

i 

the i^^ data point 

inv 

inviscid 

LE 

leading edge 

m 

mean flow 

meas 

measured 

n 

data point index 

P 

pressure 


nl ('ss noi'inal 


); blade metal 


)/(p V^/2) 
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Nomenclature ( Continued) 
s suction surface 

TE trailing edge 

X axial direction 

wall at the wall 

^ derivative with respect to ^ 

1 inlet (upstream five-hole probe measurement station) 

2 outlet (downstream five -hole probe measurement station) 

Superscript 

' derivative with respect to rj 

average over the blade passage 
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C = 228.6 mm o = 2.14 

S = 106.8 mm /r = i.61 

g = 9.14 |jm r= 20.5° 


/Cj - 53 
= - 12 ° 
* = 65° 


MEASURED FLOW CONDITIONS 


Re^= 500,000 


\ = 58° 

Vj = 33.11 m/sec 


= 17.55 m/sec 



= 17.59 m/sec 

V = 22.88 m/sec 
m 


^ = 39 . 9 ° 
8 = 549 


= 16 


0 


W = 0.151 



= 0.463 




Figure 1. Blade Geometry and Flow Conditions 
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Figure 3. Typical Measured Velocity Profile with 3p/3y 
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Figure 4. Typical Measured Velocity Profile with dp/a 
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Figure 5. Reconstructed Boundary Layer Velocity Profile with dp/ 
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u (m/sec) 

Figure 6. Reconstructed Boundary Layer Velocity Profile with cp/3y 
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er Velocity Profile with 3p/3y 
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u (m/sec) 

Figure 8. Spline Fit of the Boundary Layer Velocity Profile with op/oy 



% CHORD = 57.2 

+ FALKNER-SKAN APPROXIMATION 



Figure 9. Falkner-Skan Approximation to the Boundary Layer Velocity Profile with Sp/3y 
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Table 9, Boundary Layer Measurements at 57.2% Chord on the Pressure Surface 


u Local Turbulence Skevmess Kurtosis % Backflow 

(m/s) Intensity 



Table 10. Boundary Layer Measurements at 68.0% Chord on the Pressure Surface 



value deviation value deviation value deviation value deviation value deviation 
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Table 11. Boundary Layer Measurements at 78.6% Chord on the Pressure Surface 
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Table 12. Boundary Layer Measurements at 89.3% Chord on the Pressure Surface 
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Table 13. Boundary Layer Measurements at 97.9% Chord on the Pressure Surface 
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Table 14. Boundarv Layer Measurements at 2.6% on the Suction Surface 
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Table 15. Boundary Layer Measurements at 7.6% Chord on the Suction Surface 
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Table 16. Boundary Layer Measurements at 12.7% Chord on the Suction Surface 
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Table 17. Boundary Layer Measurements at 23.0% Chord on the Suction Surface 
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Table 18. Boundary Layer Measurements at 33.2% Chord on the Suction Surface 
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Table 19. Boundary Layer Measurements at 43.3% Chord on the Suction Surface 


56 


CO CO 
o o 
o o 

o o 


o> <r> 

tH iH 
o o 

o o 


o o 
CO o 
GO 


0 ) 

ri 


4-1 

f-; 

b 


Xi 

03 


value deviation value deviation value deviation value deviation value deviation 


57 


i»AGU m 

OF POOR QUAUTY 




I I 
I I 
1 I 





I I I I I 
I I I I f 
I I t I I 
> I ( I > 







I I I I I I I I I ) 
I I I I i I i I I I 
I 1 I I I I I I I I 
I I I I I I I I I I 







I I I I t 1 I 
t t t I I I I 
I t I I t I I 
) > t I I t I 





1111 
till 
lilt 
I I I I 


I I I 
I I I 
I I I 


OO^0^O00 00<NO(DU)OQ0r'00C'r^O»X>00a0l0^r0m^r0r000<N^r>rHtHr-t{NrgfNJfN,-HfHi-Hr-iHrH(N.H(NrHrHfH 
fSWtHOTHOOl— iiHOOiHOOOOOtHOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

Ooooooooooooooooooooooooooooooooooooooooooooooooooo 


00000000000000000<30000000000000000<j«0<r>0t>0c^oc>c>c>000<:5r>0 


Qomor'^DorHfoiooooor^ooaooofo»-<a'iD^oimn'cj<«-ir'^a'oofN\i><^c^oooo(Tifrinooo(X)cjor i ^ oofDr^r^mr-r'r' 

o0^00t^lnl^>«i^^^0^^JIHoo0^a300 00 00^i5^I>v0'DL0^^0<Noc^|>^^00^(Nr•^r-^,-^,-^ . h m tH . i . i -t r-n r h r i ^ .-H 

f'0<N(N<NrSICQfN(Nr'JCNfN(N<HrHtH*^*-ir-JrH«Hi-H»HHrHr-|iHOCDOOOC:>O<>OOOO<'> < > <> C> O <"> <_> O O rj cj o 


o o o o o o o o o o o o o o o o o o o o o o o o o c:> o o o o o o (.-> j <’> o c> f > c> r > c 5 c> <> t > <-> c » c j t > < ^ 


^ O' IT) o i-l o o 00 r' t> •-< o f>l 0» 00 <>i fN vX) ^ 0» CN f') vT o ,H r) 00 r- on 1/1 o ^ . < < • a) . i «-• o> r»> < J r\j . < r I 

(N <N (N ^ CO ^ ^ <N ro 00 fO fO fO <N fNl <N rg ro ro fN fN rsi CM .H O O t> O I > . ( , l <. > , J . < . t Ci , 1 . H , H T-l fH r < , 1 . i 


O O O O O O O O O O O O O O O O O O O O O O O O O O <•> O O O C> r> o o O t ><...>*'>< ■> «r5 O C> O V j o o r> c > o o 


CO«^'mr^kOmO'iHrgv0^r-oOo0^oor^oii)^m<Norooo^<N^oOQO<T\tHa>uimcovf^oorooOoofNioOtHr>i/)CO^'o')vi3 

k^<Nr^rHor^ooo>r'fNcnLnoooo^X)<N(Tir'OOc3vD<Ninoo«H^in'Tr^»~<(NfNoCT\r^a3in<^c>jr-iCT'Qor^uo^<N»-HO>aDr^ir) 


0'OOf-C<N(N00f0sfmmiX)r^r^00<T'0'Ot-HN(Nr0^mt^Q0a'OrH<N<Nrg(NrH.-l,HHrH»HrHOOOOOOO0'Cr'0'0' 

THHt^HtH»H*HiHiHTH.HT-<THtHr^»HCN<Nrgrgrgrsioj(NrvJ<Nrorr>roro<n<OfOrororOrOrorororn(»5fOforirOrg<Nf\j(N 


THC0m<NkDo«4<c0<NvDo^00fNk0o^000gvDo^rgoL0oir)oooooooooooooooooc>oooooo 

C0or0^i)»H^'(Nr‘00G0^C^'^Olr)H^i)^^^'(N0000^l/)00<Nl/)0^^D00Ot^«^r^00L0<NCT'^^0o^'sfr^G0mrg0^^D00o 

oOLO<i)r^orgmr^o<NLnf^ooomaooroLOoooroooooa\ikD<N<x)r-<^r^o'rvjir)r'omtoootH«^u;iCT><N^oo(NLOQO'~i 


OOOO«Ht-itH«HCNCgrgCNm00r0r)^t<^^<^l0im0«jDvDr'00 00OiH(Nf0Lr)»X)['a^OrH(\I^mvDr''0'O,H00'rJ^L0vD00 

»-^f-^THT^T-^^Hr^.Hr^3rN^st<Nf^}OJ^g<^^n^0^0f0r)^0^0 


Table 20. Boundary Layer Measurements at 53.6% Chord on the Suction Surface 
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Table 21. Boundary Layer Measurements at 63.2% Chord on the Suction Surface 
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Table 22. Boundary Layer Measurements at 74.0% Chord on the Suction Surface 


33.020 28.49 0.06 0.017 0,001 0.033 0.323 3.160 0.537 
34,290 28.38 0.03 0.017 0.001 0.188 0.303 3.866 0.913 
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38.100 28.07 0.04 0.018 0.002 0.335 0.353 3.710 1.540 
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Table 22. (Continued) 
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Table 24. Boundary Layer Measurements 94.9% on the Suction Surface 


26.035 17.46 0.86 0.265 0.024 - 0.487 0.091 3.227 0.216 0.05 0.09 


65 


^^0^00*^000000000000 

oWooooooooooooooooo 

ooooooooooooooooooo 


<N[*-or>3oo<Noooooooooooo 

ooooooooooooooooooo 

ooooooooooooooooooo 


ipooot>in<NvDC^Hcr>Mfs^Hin*^<a>^oo 

t^l/)V£)CD<0o<N<NC7>OO»-ia>O<SfH»^f000 

ooooootHr-(f>j(Nf0rsiU5*4<a0CNo*-lo 


mf-l9'LOO>^r-4<N5^U)QQt^or«HfOvD<NH 

aifsroi/)^oo<NfHp^a5aoo^o>^tDi-ia>ooio 

(Nforooor)co*i<m>X>t^oo<T^i/>T-<fSirifOfo<^ 

H fS H 


HCT'f>jnf0ChL0*4<<S5|*<0*4<l/>^r0v^OO<N 

l/)^^lO^C^^D(NOHfOfHO>vorO(NrOOO*^ 

ooi-ioi-»Hr^^voinin*i«r*r'Hr'fo<N<n 


OOOOOOOOOOOOOi-lr 


I o o o o 


ooco(nvpcot/)H^p^roiO(n^(NLO(N< 

fHOG0^U^r>C^^00a><N00^rHC^(Nr 

kDr‘r**CT'ocou)cr>o<Nooot^<NoH< 


vO fO OO 00 (O 
fSI H 



ooooooooooooooooooo 


ooooooooooooooooooo 


^M'^t‘0^CSX0Hf0or‘(NOHl0r)HO 

<^f0<NO00C^l/)^<SHOt^U^'^f0<N<N<N<N 

<Nr4(N(NHi-IHrHHrHHOOOOOOOO 

ooooooooooooooooooo 


l>h*CDOk0r-00Q0r'UDl0'^<NHrHHiHW»H 

OOOtHOOOOOOOOOOOOOOO 


roiot-i*i<<Na»<Ntnoor*“v£><oi/)oooocDtovD«^ 

aoc^o»H<Nfn*^^^nlO^X)vo^*‘00ooooooaocoao 

tHrH<N<N<N<N<N<NfN<N<N<S<N<N<N<N<N<N<N 


pmoiDOLOoirtOlOOOOOOOOOO 

kOr>(MO<NCD^Hr*‘fOO<Ml/)OOHrO(Da>rH 

jgt^t'000\a»OrH»H<Nn)^l0'X>00a>Or-lr0 

CN<N<N(NCN<NfOCOfOfO<0<n?^fOCOCO*^**^<*^' 


Table 24. (Continued) 


gg§§S§SS2S§S§§§g§§OoS§OOOOOHOr^f^r^(Nl000^i>^f-Cyv;¥r-C-;C0a0CDCNin0>Q0fNt-;O 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO O O Ot-»T-»H<Nr'?fH*H^'rOr)vjD’«^*<N^ 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOT-4rH<N<N<3k£)fH<i>r^<n<I>r^^ 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO^H<N'^<«fl0[ 


»'^Sp<N*^(N00vO^0f 

' ^ r- < 


<Nr^(na)C^fOfo<fc^r^J^oo<o^oc^OD^sr»^ocs<^)r^u5ou^lOo<XJoovOO^<^^o«^♦^^^«^a»^a02o^^>^aooa'^lD 

r^(DC^3^fS(^5»^OCSCT'<0t^<N'«<*?v00i0r*^OOOVpr>4<N<Jtp^H^<NOO^t/)(.Ov0f0(N^<><N^l/5j>^t0ON*^*“l^ 


oooiA<Noooooo< 


H \£> vD vp 00 C 
<N H ^ ^ r-t 


<(Nooooooooooooooooo«5 0 oooo< 


Sf0^NV^>r^Of^<N0^^^l/^O00r^Ort^0r^^;^^^^v^)O^<0<N00(X)U^<0f0<Nf^^^<^H<^r0f^«Nrs<Nr^C^t^^00r^^0U^U^^U^ 

f0C0f0L0^<0^nf0<N(^<0^''^<c^0^lAoo«4^»^u^^pl0'tl’’^f<^f0<0^0(^f0^0fnf0cnf0f0fnr0<nf0r0^Nr0<NfSf'^<NfN<N<N(N 

rH <N fO OJ <N H H 

Sf^<NHin^HHn»HCgt^O<NHSC0H^(nHr^54»r-lH^.HHOrHHHo.HOrHOOOrHr^H 

ooor4oooooooofO<N'«fcOfHiHoooooooooooooooooooooooooooooooooo 

kD<N^<^<Of^^DCh^Dr^Haoi>r^U)oi/>csr^rioooOrHvi)tN<Na'ONU^<^r4^<T'^r^^';3'^o^*HC^iH^^ro^CN^iO 

oooooooooooorHo<NfO<srocs<NiHrHHTHoooooooooooooooooooooooooooo 

7 , j I I t I I t I I I I I I I I (»( I I I I I 

32322gSSS22g^2S3S;5^35S2^;S35::iSS3?1S23SSS2K«§|gSS&SS3?gS 

ooooooooooooooooooooooooooooooc»oooc>ooooooooc>o»HrH(N(or^fMst* 

oooooooooooooooooooooooooooooooooooooooooooooooooooo 


SgS3222S222S332SSSS§H2aSSSS^SSR^S)^)^®^^:oS^3? 

ooooooooooooooooc>ooooooooooooooooooooooo»>ooooo.HrH.-HH<NfN 

3S3S332S33332S2q2232S3S5S?3S355!S!^?323S 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCJOOOOOOOOO 

g§2:122g3332R3S2SS2S2S:SSSS22SS5S25£&S^^ 

^<NC>^<NCS<SO^<SC'^<S<N<SO^<NC^f^CS(StMC^<S<N<^^C'^<SC^^CNC'^rH*^r-^r^^*^r^^-^^Hr^»^ 


1 ooooooooooooooooooooomoi0oi0oino^O|/)oi0oi£^o^o^ojgo^oiQoinogoin 

! SS$S2iQ83S5§SS22:§SSS!;3^SS!S2SS2S!2:12S?1K5:s52§fS32J8c.,r,a.«^o^ 

iS3S5S3SSS2S2§^$555§2S!^iR 58^^3:22?! 
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Table 26. (Continued) 


U Local Turbulence Skewness Kurtosis % Backflow 

(ni/s) Intensity 
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Table 27. Wake Measurements at 152.6% Chord 
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Suction Surface 

Boundary Layer at 53.6% Chord 

(9p/3y > 0) 

Ninv 

Up, tn/sec 

6 , Ttim 

11 

33.64 

11.30 

12 

33.74 

1 1 .42 

13 

33.83 

1 1.54 

14 

34.00 

11.77 

15 

33.84 

11.55 

16 

33.76 

11.46 

17 

33.64 

11.32 


33.78 ± 0.13 

11.48 ± 0.16 

Pressure Surface 

Boundary Layer at 57.2% Chord 

Op/3y < 0) 

%nv 

Up, tn/sec 

6 , mm 

14 

23.37 

2.31 

15 

23.38 

2.33 

16 

23.34 

2.34 

17 

23.41 

2.37 

18 

23.40 

2.35 

19 

23.40 

2.35 

20 

23.40 

2.35 

21 

23.40 

2.35 

22 

23.40 

2.35 


23.39 ± 0.02 

2.34 ± 0.02 


Table 28. Variation of and 6 with the Numer of Parts used in the 
Polynomial Fit of the Inviscid Region 


Parameters 


6*, (mm) 
0 , (mm) 
6^, (mm) 
Re^* 


H 


12 


32 

u^, (m/sec) 

n 


Suction Surfiice Boundary 
T^yer at 53.6% Chord 
Op/9y > 0) 


Spline Fit 


3.50 

1.80 

2.88 

7881 

4041 

6489 

1.95 

1.61 

0.«50 


( 1 ) 


Fit of Wal 1 
Wake R(( . 


3.46 

1.82 

2.91 

7795 

4095 

6557 

1.90 

1.60 

0.823 

4.496 

7.362 


Pressure' Surl ace Boundary 
Layer at 57.2% Chord 
(;)p/3y < 0) 


Spline Fit 


0 . F 3 
0.29 
0.46 
1 29 5 
45 1 
213 
2.87 
1.58 

0.385^ ' ^ 


V^\ ] kner-Sknn 
Sol 11 1 ! on 


O.SO 

0.22 


83S 

310 


2-7(: 


0.337 


- O.0388 


(1) Calculated from the Ludweig-Til 1 man Kquation. 


Table 29. Boundary Layer Parameters 












































y 

( mm ) 

( m / s ) 

Turbul ( 
In Lons ; 

0.127 

16.22 

0 . 17.1 

0.190 

19.87 

0 . 096 

0.254 

20.85 

0.080 

0.317 

21.09 

0 . 072 

0.381 

21.01 

0 . 074 

0.508 

21.18 

0 . 067 

0.762 

21.33 

0.061 

1.016 

21.43 

0 . 055 

1.524 

21.47 

0 . 052 

2.032 

21.45 

0 . 048 

2.540 

21.54 

0 . 038 

3.810 

21.53 

0 . 038 

5.080 

21.63 

0 . 038 

6.350 

21.60 

0 . 036 

7.620 

21.64 

0 . 038 

8.890 

21.51 

0 . 034 

10.160 

21.42 

0 . 031 

11.430 

21.45 

0 , 030 

12.700 

21.40 

0.030 

13.970 

21 . 37 

0 . 031 

15.240 

21 . 37 

0 . 030 

16.510 

21.34 

0 .030 

17.780 

21.32 

0.028 

19.050 

21 . 39 

0.029 

20.320 

21.38 

0 . 029 

21.590 

21.34 

0.028 

22.860 

21.37 

0 . 028 

24.130 

21.45 

0 . 028 

25.400 

21.46 

0.028 

26.670 

21.49 

0 . 027 

27.940 

21.50 

0.028 

29.210 

21.56 

0 .026 

30.480 

21.51 

0 . 028 

31.750 

21.55 

0 . 029 

33.020 

21.54 

0 . 028 

34.290 

21.53 

0 . 029 

35.560 

21.45 

0 . 029 

36.830 

21.41 

0 . 029 

38.100 

21 . 24 

0 . 031 


Table 31. Reconstructed Boundary Layer at 2.77 on the Pressure vSurfaee 
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, y. 

u 

Turbulence 

(mm) 

(m/s) 

Intensity 

0.317 

19.76 

0.088 

0.381 

22.33 

0.071 

0.508 

23.70 

0.047 

0.762 

23.82 

0.042 

1.016 

23.92 

0.034 

1.524 

23.96 

0.026 

2.032 

23.89 

0.024 

2.540 

23.88 

0.025 

3.810 

23.79 

0.023 

5.080 

23.72 

0.025 

6.350 

23.67 

0.025 

7.620 

23.71 

0.024 

8.890 

23.69 

0.024 

10.160 

23.65 

0.023 

11.430 

23.70 

0.024 

12.700 

23.71 

0.023 

13.970 

23.70 

0.024 

15.240 

23.71 

0.025 

16.510 

23.72 

0.025 

17.780 

23.72 

0.024 

19.050 

23.76 

0.024 

20.320 

23.72 

0.023 

21.590 

23.70 

0.024 

22.860 

23.70 

0.024 

24.130 

23.70 

0.023 

25.400 

23.68 

0.023 

26.670 

23.71 

0.024 

27.940 

23.69 

0.023 

29.210 

23.70 

0.023 

30.480 

23.66 

0.022 

31.750 

23.62 

0.023 

33.020 

23.67 

0.024 

34.290 

23.74 

0.024 

35.560 

23.72 

0.025 

36.830 

23.73 

0.024 

38.100 

23.71 

0.025 


Table 32. Reconstructed Boundary Layer at 5.9% Chord on the Pressure 
Surface 


y 

(mm) 

(m/s) 

Turbu lencfj 
Intcjn.s Lty 

0.254 

9.70 

0.075 

0.317 

13.59 

0 . 074 

0.381 

17.24 

0 . 080 

0.444 

20.26 

0 . 069 

0.508 

22.17 

0 . 056 

0.762 

24.52 

0.020 

1.016 

24.64 

0 . 020 

1.524 

24.70 

0.019 

2.032 

24.69 

0.019 

2.540 

24.68 

0 . 019 

3.810 

24.62 

0.019 

5.080 

24.59 

0.019 

6.350 

24.58 

0.019 

7.620 

24.57 

0 . 020 

8.890 

24.57 

0 . 020 

10.160 

24.53 

0 . 020 

11.430 

24.53 

0.021 

12.700 

24.54 

0 . 020 

13.970 

24.50 

0 . 021 

15.240 

24.50 

0.021 

16.510 

24.47 

0 . 020 

17.780 

24.51 

0.021 

19.050 

24.50 

0.021 

20.320 

24.48 

0.021 

21.590 

24.54 

0.021 

22.860 

24.47 

0 . 022 

24.130 

24.47 

0.021 

25.400 

24.52 

0 . 022 

26.670 

24.50 

0.023 

27.940 

24.51 

0.022 

29.210 

24.48 

0.023 

30.480 

24.54 

0.023 

31.750 

24.50 

0.023 

33.020 

24.47 

0.023 

34.290 

24.51 

0.023 

35.560 

24.52 

0.024 

36.830 

24.48 

0.023 

Table 33. 

Reconstructed Boundary 1 
Pressure Surface 

Layer at 14.4% Ch(jrd on tlio 
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y 

(mm) 

(m/s) 

0.254 

5.58 

0.317 

8.21 

0.381 

10.52 

0.444 

13.57 

0.508 

16.02 

0.571 

18.48 

0.635 

20.10 

0.762 

22.29 

0.889 

23.50 

1.016 

24.02 

1.270 

24.25 

1.524 

24.28 

2.032 

24.28 

2 . 540 

24.34 

3.810 

24.29 

5.080 

24.27 

6.350 

24.32 

7.620 

24.31 

8.890 

24.34 

10.160 

24.34 

11.430 

24.36 

12.700 

24.35 

13.970 

24.31 

15.240 

24.35 

16.510 

24.32 

17.780 

24.35 

19,050 

24.35 

20.320 

24.36 

21.590 

24.35 

22.860 

24.36 

24.130 

24.28 

25.400 

24.33 

26.670 

24.33 

27.940 

24.35 

29.210 

24.32 

30.480 

24.36 

31.750 

24.35 

33.020 

24.36 

34.290 

24.36 

35.560 

24.32 

36.830 

24.34 

38.100 

24.33 


Table 34. Reconstructed Boundary 
Pressure Surface 


'iXirbu fence 
Intensity 


0.050 

0.053 

0.0G4 

0.083 

0.090 

0.074 

0.060 

0.052 

0.029 

0.022 

0.021 

0.021 

0.020 

0.020 

0.019 

0.020 

0.020 

0.020 

0.020 

0.020 

0.020 

0.021 

0.020 

0.021 

0.020 

0.020 

0.020 

0.021 

0.021 

0.021 

0.021 

0.021 

0.022 

0.022 

0.022 

0.023 

0.022 

0.022 

0.022 

0.023 

0.024 

0.023 


Layer at 25.1% Chord on the 
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y 

u 

Turbulence 

( mm ) 

(m/s) 

Intensity 

0.381 

5,01 

0 . 055 

0.508 

8.37 

0 . 072 

0.635 

12.20 

0.103 

0.762 

16.63 

0.111 

0.889 

19.24 

0.090 

1.016 

21.37 

0.073 

1.143 

22.61 

0.055 

1.270 

23.31 

0.039 

1.524 

23.86 

0.020 

2.032 

23.92 

0.022 

2.540 

23.92 

0.021 

3.810 

23.87 

0.020 

5.080 

23.85 

0.020 

6.350 

23.82 

0.021 

7.620 

23.90 

0 . 021 

8.890 

23.82 

0 . 021 

10.160 

23.82 

0.019 

11.430 

23.81 

0.020 

12.700 

23.85 

0 . 020 

13.970 

23.81 

0.021 

15.240 

23.85 

0.021 

16.510 

23.84 

0.021 

17.780 

23.84 

0.021 

19.050 

23.86 

0.021 

20.320 

23.82 

0.021 

21.590 

23.86 

0.022 

22.860 

23.82 

0.021 

24.130 

23.85 

0.021 

25.400 

23.82 

0.021 

26.670 

23.79 

0.021 

27.940 

23.82 

0 . 022 

29.210 

23.84 

0.022 

30.480 

23.80 

0.021 

31.750 

23.78 

0.021 

33.020 

23.82 

0.020 

34.290 

23.84 

0.023 

35.560 

23.84 

0.023 

36.830 

23.84 

0 . 023 

38.100 

23.88 

0.023 


Table 35, Reconstructed Boundary Layer at 35.8% Chord on the 
Pressure Surface 
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y 

u 


( mm ) 

( m / s ) 

Intensity 

0.254 

2.23 

0.039 

0.381 

5.20 

0.062 

0.508 

7.69 

0.095 

0.635 

10.60 

0.142 

0.762 

13.53 

0.169 

0.889 

16.23 

0.179 

1.016 

18.88 

0.167 

1.143 

20.78 

0.137 

1.270 

21.99 

0.113 

1.397 

22.78 

0.083 

1.524 

23.02 

0.081 

1.651 

23.37 

0 . 055 

1.778 

23.50 

0.049 

1.905 

23.55 

0.042 

2.032 

23.61 

0.037 

2.159 

23.58 

0.043 

2.286 

23.61 

0 . 033 

2.413 

23.62 

0.036 

2.540 

23.65 

0.026 

3.175 

23.62 

0.033 

3.810 

23.67 

0.021 

5.080 

23.64 

0 . 021 

6.350 

23.66 

0.020 

7.620 

23.64 

0 . 021 

8.890 

23.59 

0.021 

10.160 

23.62 

0.022 

11.430 

23.67 

0.020 

12.700 

23.62 

0.023 

13.970 

23.62 

0.021 

15,240 

23.64 

0.022 

16.510 

23.63 

0.022 

17.780 

23.62 

0.021 

19.050 

23.64 

0.022 

20.320 

23.62 

0.022 

21.590 

23.62 

0.022 

22.860 

23.63 

0.022 

24.130 

23.65 

0.022 

25.400 

23.67 

0.022 

26.670 

23.63 

0.022 

27.940 

23.60 

0.023 

29.210 

23.63 

0.024 

30.480 

23.62 

0.024 

31.750 

23.58 

0.024 

33.020 

23.65 

0.025 

34.290 

23.63 

0.024 

35 . 560 

23.64 

0.024 

36.830 

23.62 

0.024 

38.100 

23.65 

0.024 


Table 36. Reconstructed Boundary Layer at 46.5% Chord on the 
Pressure Surface 


y 

u 

(mm) 

(m/s) 

0.254 

2.25 

0.381 

5.61 

0.508 

7.87 

0.635 

9.71 

0.762 

11.83 

0.889 

13.56 

1.016 

15.77 

1.143 

17.23 

1.270 

18.91 

1.397 

20.19 

1.524 

21.17 

1.651 

21.54 

1.778 

22.17 

1.905 

22.59 

2.032 

22.73 

2.159 

22.94 

2.286 

23.02 

2.413 

23.17 

2.540 

23.36 

3.175 

23.37 

3.810 

23.41 

5.080 

23.34 

6.350 

23.36 

7.620 

23.38 

8.890 

23.43 

10.160 

23.41 

11.430 

23.38 

12.700 

23.39 

13.970 

23.40 

15 . 240 

23.38 

16.510 

23.37 

17 . 780 

23.42 

19.050 

23.40 

20.320 

23.40 

21.590 

23.39 

22.860 

23.36 

24.130 

23.39 

25.400 

23.37 

26.670 

23.41 

27.940 

23.37 

29.210 

23.39 

30.480 

23.40 

31.750 

23.40 

33.020 

23.39 

34 . 290 

23.37 

35 . 560 

23.40 

36.830 

23.40 

38.100 

23.39 


Table 37. Reconstructed Boundary 
Surface 


Turbulence 

Intensity 


0 . 067 
0 . 112 
0 . 149 
0 . 180 
0 . 206 
0.222 
0 . 232 
0 . 236 
0 .220 
0 . 204 
0.178 
0.170 
0 . 141 
0.114 
0 . 105 
0 . 089 
0 . 080 
0.057 
0 . 026 
0 . 027 
0 . 025 
0 .026 
0.024 
0 . 024 
0 . 025 
0.025 
0 . 025 
0.025 
0 . 025 
0 . 025 
0.024 
0.026 
0.025 
0 . 026 
0.027 
0.026 
0 . 025 
0.026 
0.026 
0 . 026 
0.027 
0.026 
0.027 
0.026 
0.027 
0 . 027 
0 . 027 
0.028 


er at 57.2% Chord on the Pressure 
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y 

u 

Turbulence 

(mm) 

(m/s) 

Intensity 

0.317 

6.81 

0.138 

0.381 

8.24 

0.158 

0.508 

10.80 

0.189 

0.635 

12.52 

0.201 

0.762 

14.04 

0.202 

0.889 

14.92 

0.200 

1.016 

16.12 

0.207 

1.143 

17.18 

0.207 

1.270 

18.23 

0.206 

1.397 

19.20 

0.198 

1.524 

20.20 

0.187 

1.651 

20.82 

0.175 

1.778 

21.46 

0.160 

1.905 

22.05 

0.140 

2.032 

22.33 

0.129 

2.159 

22.76 

0.106 

2.286 

22.90 

0.094 

2.413 

23.05 

0.084 

2.540 

23.20 

0.071 

3.175 

23.50 

0.033 

3.810 

23.55 

0.027 

5.080 

23.55 

0.026 

6.350 

23.52 

0.027 

7.620 

23.54 

0.026 

8.890 

23.55 

0.027 

10.160 

23.52 

0.029 

11.430 

23.54 

0.028 

12.700 

23.54 

0.027 

13.970 

23.54 

0.026 

15.240 

23.54 

0.027 

16.510 

23.57 

0.028 

17.780 

23.59 

0.029 

19.050 

23.57 

0.026 

20.320 

23.56 

0.027 

21.590 

23.55 

0.027 

22.860 

23.56 

0.029 

24.130 

23.54 

0.029 

25.400 

23.54 

0.026 

26.670 

23.55 

0.027 

27.940 

23.51 

0.029 

29.210 

23.55 

0.028 

30.480 

23.57 

0.029 

31.750 

23.54 

0 . 029 

33.020 

23.57 

0.027 

34.290 

23.59 

0.030 

35.560 

23.56 

0.030 

36.830 

23.56 

0.030 

38.100 

23.59 

0.030 

Table 38. 

Reconstructed Boundary 

Layer at 68.0% on the 


Pressure Surface 



(mm) 


0.317 

0.381 

0.508 

0.635 

0.762 

0.889 

1.016 

1.143 

1.270 

1.397 

1.524 

1.651 

1.778 

1.905 

2.032 

2.159 

2.286 

2.413 

2.540 

3.175 

3.810 

4.445 

5.080 

6.350 

7.620 

8.890 

10.160 

11.430 

12.700 

13.970 

15.240 

16.510 

17.780 

19.050 

20.320 

21.590 

22.860 

24.130 

25.400 

26.670 

27.940 

29.210 

30.480 

31.750 

33.020 

34.290 

35.560 

36.830 

38.100 


Table 39. Reconstructed 
Surface 


(m/s) 


11.68 

13.05 
15.29 

16.67 
17.38 

18.23 

18.68 

19.23 
19.51 
20.11 

20.69 

21.31 
21.64 
22.16 
22.49 
22.67 
22.96 
23.14 

23.32 

23.69 
23.86 
23.91 
23.91 
23.95 
23.99 
23.99 
24.03 

24.02 

24.03 

24.04 

24.07 

24.08 

24.06 

24.08 
24.10 
24.10 
24.10 
24.06 

24.06 

24.04 

24.10 

24.09 

24.11 
24.08 

24.07 
24.11 
24.06 

24.05 

24.08 


Boundary Layer at 78. 


Turbulence 

Intensity 


0.179 
0.183 
0.181 
0.165 
0.159 
0.150 
0.153 
0.147 
0.148 
0.145 
0.138 
0.125 
0.119 
0.107 
0.097 
0.094 
0.080 
0.075 
0.067 
0.046 
0.031 
0.027 
0.023 
0.024 
0.024 
0.024 
0.024 
0.024 
0.024 
0.024 
0.025 
0.024 
0.025 
0.025 
0.026 
0.026 
0.025 
0.026 
0.026 
0 .025 
0.026 
0.027 
0.027 
0.026 
0.026 
0.027 
0.028 
0.027 
0.027 


7o Chord on the Pressure 
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(nm) 

u 

(m/s) 

ixirbulence 

Intensity 

0.254 

12.51 

0.161 

0.317 

14.55 

0.166 

0.381 

16.06 

0.162 

0.508 

17.95 

0.144 

0.635 

19.26 

0.132 

0.762 

20.14 

0.121 

0.889 

20.81 

0.113 

1.016 

21.30 

0.104 

1.143 

21.79 

0.097 

1.270 

22.08 

0.095 

1.397 

22.37 

0.091 

1.524 

22.53 

0.091 

1.651 

22.90 

0.084 

1.778 

23.16 

0.079 

1.905 

23.45 

0.078 

2.032 

23.61 

0.074 

2.159 

23.81 

0.071 

2.286 

24.00 

0.067 

2.413 

24.18 

0.063 

2.540 

24.34 

0 . 058 

3.175 

24.86 

0.043 

3.810 

25.15 

0.031 

4.445 

25.20 

0.026 

5.080 

25.29 

0.025 

6.350 

25.29 

0.024 

7.620 

25.38 

0.025 

8.890 

25.44 

0.025 

10.160 

25.42 

0.025 

11.430 

25.47 

0.024 

12.700 

25.52 

0.023 

13.970 

25.52 

0.024 

15.240 

25.55 

0.025 

16.510 

25.53 

0.024 

17.780 

25.53 

0.025 

19.050 

25.54 

0.026 

20.320 

25.50 

0.026 

21.590 

25.50 

0.026 

22.860 

25.47 

0.026 

24.130 

25.53 

0.026 

25.400 

25.52 

0.026 

26.670 

25.53 

0.026 

27.940 

25.53 

0.026 

29.210 

25.54 

0.027 

30.480 

25.52 

0.026 

31.750 

25.49 

0.026 

33.020 

25.57 

0.027 

34.290 

25.53 

0.028 

35.560 

25.54 

0.029 

36.830 

25.49 

0.029 

38.100 

25.50 

0.027 


Table 40. Reconstructed Boundary Layer at 89.3% Chord on the Pressure 
Surface 



y 

(nan) 


(m/s) 

Turbul enc.c 
Intensity 

0.063 


17.76 

0 . 148 

0.127 


19.57 

0.140 

0.254 


21.75 

0 . 120 

0.317 


22.38 

0 . 112 

0.381 


22.73 

0.107 

0.508 


23.47 

0.099 

0.635 


23.96 

0.092 

0.762 


24.42 

0.089 

0.889 


24.90 

0.083 

1.016 


25.22 

0.078 

1.143 


25.45 

0.076 

1.270 


25.56 

0.078 

1.397 


26.04 

0.071 

1.524 


26.30 

0.067 

1.651 


26.44 

0 . 068 

1.778 


26.69 

0 . 064 

1.905 


26.79 

0.064 

2.032 


26.96 

0.061 

2.159 


27.15 

0.057 

2.286 


27.29 

0.053 

2.413 


27.46 

0.053 

2.540 


27.57 

0.049 

3.175 


27.99 

0.038 

3.810 


28.24 

0.027 

5.080 


28.27 

0.024 

6.350 


28.23 

0.024 

7.620 


28.18 

0.023 

8.890 


28.17 

0.024 

10.160 


28.14 

0.024 

11.430 


28.13 

0.023 

12.700 


28.14 

0.024 

13.970 


28.14 

0.023 

15.240 


28.11 

0.023 

16.510 


28.06 

0.023 

17.780 


28.07 

0.023 

19.050 


28.08 

0.024 

20.320 


28.05 

0.024 

21.590 


28.05 

0 . 023 

22.860 


28.00 

0.024 

24.130 


28.04 

0.024 

25.400 


28.02 

0.024 

26.670 


28.01 

0.025 

27.940 


28.03 

0.024 

29.210 


28.03 

0.026 

30.480 


28.01 

0.025 

31.750 


28.11 

0.024 

33.020 


28.11 

0.025 

34.290 


28.10 

0.026 

35.560 


28.13 

0.024 

36.830 


28.18 

0.026 

38.100 


28.16 

0.027 

Table 41. 

Reconstructed 

Surface 

Boundary Layer at 

97.9% on the Pres; 
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Table 42, Pressure Surface Boundary Layer Parameters Determined From a Parametric Cubic Spline 
Fit of the Data 










Falkner-Skan Solution 



Table 43. Pressure Surface Boundary Layer Parameters Determined from a Falkner-Skan Solution 
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y 

(mm) 

(m/s) 

Turbulence 

Intensity 

0.254 

20.02 

0 . 088 

0.381 

21.41 

0.100 

0.508 

23.59 

0.116 

0.635 

26.35 

0.129 

0.762 

28.50 

0.135 

0.889 

31.13 

0.146 

1.016 

34.89 

0.150 

1.143 

37.87 

0.157 

1.270 

40.68 

0.156 

1.397 

43.30 

0.150 

1.524 

46.59 

0.138 

1.651 

49.06 

0.118 

1.778 

51.10 

0.099 

2.032 

53.57 

0.072 

2.286 

54.99 

0.055 

2.540 

55.53 

0.049 

3.175 

55.79 

0.042 

3.810 

55.94 

0.031 

4.445 

55.84 

0.028 

5.080 

55.72 

0.028 

5.715 

55 . 90 

0.026 

6.350 

55.96 

0.023 

7.620 

55.89 

0.022 

8.890 

55.99 

0.021 

10.160 

55.95 

0.020 

11.430 

55.93 

0.020 

12.700 

55.93 

0.019 

13.970 

55.94 

0.018 

15.240 

55.94 

0.017 


Table 45. Reconstructed Boundary Layer at 2.6% Chord on the 
Suction Surface 
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y 

(mm) 

(m/s) 

Ttii"}DtiiGriCic- 

Intensity 

0.127 

24.49 

0.127 

0.190 

25.69 

0.129 

0.254 

26.37 

0.131 

0.381 

27.49 

0.134 

0.508 

28.27 

0.138 

0.635 

29.63 

0.142 

0.762 

30.72 

0.143 

0.889 

31.96 

0.147 

1.016 

33.05 

0.149 

1.143 

34.45 

0.3 50 

1.270 

35.49 

0.152 

1.397 

36.86 

0.148 

1.524 

38.08 

0.142 

1.651 

39.10 

0.136 

1.778 

40.41 

0.125 

1.905 

41.21 

0.120 

2.032 

41.90 

0.113 

2.159 

42.84 

0.098 

2.286 

43.36 

0.087 

2.413 

43.91 

0.078 

2.540 

44.33 

0.072 

3.175 

45.40 

0.045 

3.810 

45.73 

0.032 

4.445 

45.74 

0.030 

5.080 

45.80 

0.029 

5.715 

45.82 

0.030 

6.350 

45.89 

0.025 

7.620 

45.87 

0.024 

8.890 

45.93 

0.024 

10.160 

45.90 

0.023 

11.430 

45.93 

0.022 

12.700 

45.94 

0.022 

13.970 

45.85 

0.022 

15.240 

45.84 

0.022 

16.510 

45.85 

0.021 

17.780 

45.88 

0.021 

19.050 

45.86 

0.021 

20.320 

45.91 

0.022 

21.590 

45.89 

0.022 

22.860 

45.94 

0.022 


Table 46. Reconstructed Boundary Layer at 7.6% Chord on the Suction 
Surface 
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y 

u 

Turbulence 

( mm ) 

( m / s ) 

Intensity 

0.102 

21.72 

0.126 

0.152 

24.49 

0.123 

0.203 

25.85 

0.120 

0.254 

27.10 

0.116 

0.317 

27.96 

0.114 

0.381 

28.74 

0.112 

0.508 

29.92 

0 . 114 

0.635 

30.83 

0.115 

0.762 

31.53 

0.116 

0.889 

32.21 

0.118 

1.016 

32.80 

0.117 

1.143 

33.69 

0.119 

1.270 

34.36 

0.119 

1.397 

34.94 

0.121 

1.524 

35.49 

0.122 

1.651 

36.20 

0.120 

1.778 

36.70 

0.122 

1.905 

37.68 

0 . 118 

2.032 

38.15 

0.117 

2.286 

39.56 

0.109 

2.540 

40.65 

0.101 

2.794 

41.89 

0.085 

3.048 

42.52 

0.081 

3.302 

43.40 

0.061 

3.556 

43.77 

0.051 

3.810 

44.06 

0.043 

4.445 

44.55 

0.029 

5.080 

44.60 

0.024 

5.715 

44.70 

0.021 

6.350 

44.69 

0.020 

7.620 

44.67 

0.019 

8.890 

44.72 

0.019 

10.160 

44.69 

0.018 

11.430 

44.72 

0.018 

12.700 

44.77 

0.018 

13.970 

44.74 

0.018 

15.240 

44.71 

0.020 

16.510 

44.72 

0.018 

17.780 

44.79 

0.019 

19.050 

44.72 

0.018 

20.320 

44.71 

0.018 

21.590 

44.71 

0.018 

22.860 

44.74 

0.017 

24.130 

44.75 

0.017 

25.400 

44.75 

0.018 

26.670 

44.70 

0.017 

27.940 

44.72 

0.017 

29.210 

44.73 

0.017 

30.480 

44.73 

0.017 

31.750 

44.74 

0.017 

33.020 

44.74 

0.017 

34.290 

44.72 

0.017 


Table 47. Reconstructed Boundary l.ayer at 12.7% Chord on the 
Suction Surface 
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, y 

u 

turbulence 

(mm) 

(m/s) 

Intensity 

0.127 

20.04 

0.130 

0.190 

21.81 

0.125 

0.254 

23.65 

0.110 

0.317 

24.54 

0.105 

0.381 

25.50 

0.103 

0.508 

26.58 

0.098 

0.635 

27.39 

0 . 098 

0.762 

28.08 

0.097 

0.889 

28.80 

0.098 

1.016 

29.45 

0.097 

1.143 

29.91 

0.099 

1.270 

30.55 

0.097 

1.524 

31.58 

0.098 

1.778 

32.63 

0.099 

2.032 

33.40 

0.098 

2.286 

34.36 

0.098 

2.540 

35.46 

0.095 

2.794 

36.29 

0.094 

3.048 

36.99 

0.091 

3.302 

37.84 

0.087 

3.556 

38.59 

0.082 

3.810 

39.31 

0.074 

4.445 

40.67 

0.051 

5.080 

41.20 

0.041 

5.715 

41.59 

0.030 

6.350 

41.73 

0 . 025 

7.620 

41.80 

0.022 

8.890 

41.77 

0.021 

10.160 

41.82 

0.021 

11.430 

41.87 

0.022 

12.700 

41.79 

0.021 

13.970 

41.70 

0.019 

15.240 

41.72 

0.020 

16.510 

41.76 

0.020 

17.780 

41.76 

0.020 

19.050 

41.73 

0.019 

20.320 

41.73 

0.018 

21.590 

41.77 

0.019 

22.860 

41.76 

0.019 

24.130 

41.73 

0.018 

25.400 

41.75 

0.018 

26.670 

41.78 

0.019 

27.940 

41.73 

0.018 

29.210 

41.77 

0.018 

30.480 

41.73 

0.017 

31.750 

41.75 

0.018 

33.020 

41.76 

0.017 

34.290 

41.73 

0.017 

35.560 

41.73 

0.017 

36.830 

41.75 

0.017 

38.100 

41.77 

0.016 


Table 48, Reconstructed Boundary Layer at 23.0% Chord on the 
Suction Surface 
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y 

(mm) 

(m/s) 

Turbulence 

Intensity 

0.127 

14.59 

0.108 

0.254 

17.09 

0.105 

0.381 

18.52 

0.103 

0.508 

19.54 

0.102 

0.635 

20.36 

0.100 

0.762 

21.16 

0.102 

1.016 

22.37 

0.104 

1.270 

23.49 

0.105 

1.524 

24.57 

0.102 

1.778 

25.59 

0.102 

2.032 

26.54 

0.100 

2.286 

27.34 

0.097 

2.540 

28.11 

0.094 

2.794 

28.87 

0.093 

3.048 

29.38 

0 . 089 

3.302 

30.04 

0 . 085 

3.556 

30.68 

0.082 

3.810 

31.00 

0.082 

4.064 

31.59 

0.080 

4.318 

32.02 

0 . 079 

4.572 

32.43 

0.079 

4.826 

32.91 

0.080 

5.080 

33.29 

0 . 079 

5.334 

33.62 

0 . 078 

5.842 

34.59 

0.077 

6.350 

35.53 

0.071 

7.620 

37.12 

0.045 

8.890 

37.71 

0.023 

10.160 

37.82 

0.019 

11.430 

37.82 

0.018 

12.700 

37.80 

0.018 

13.970 

37.78 

0.016 

15.240 

37.77 

0.016 

16.510 

37.75 

0.016 

17.780 

37.77 

0.016 

19.050 

37.79 

0.015 

20.320 

37.78 

0.015 

21.590 

37.76 

0.016 

22.860 

37.81 

0.015 

24.130 

37.78 

0.016 

25.400 

37.78 

0.015 

26.670 

37.75 

0.015 

27.940 

37.78 

0.016 

29.210 

37.79 

0.015 

30.480 

37.77 

0.015 

31.750 

37.79 

0.015 

33.020 

37.79 

0.015 

34.290 

37.78 

0.015 

35.560 

37.78 

0.014 

36.830 

37.79 

0.015 

38.100 

37.77 

0.015 


Table 49. Reconstructed Boundary Layer at 33.2% Chord on the Suction 
Surface 
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y 

(mm) 

u 

(m/s) 

0.127 

10.77 

0.254 

13.03 

0.381 

14.40 

0.508 

15.13 

0.635 

15.79 

0.762 

16.36 

1.016 

17.35 

1.270 

18.34 

1.524 

19.09 

1.778 

19.97 

2.032 

20.74 

2.286 

21.67 

2.540 

22.45 

2.794 

23.29 

3.048 

24.06 

3.302 

24.99 

3.556 

25.75 

3.810 

26.60 

4.064 

27.32 

4.318 

27.95 

4.572 

28.65 

4.826 

29.23 

5.080 

29.85 

5.334 

30.36 

5.842 

31.23 

6.350 

32.08 

6.985 

32.95 

7.620 

33.67 

8.255 

34.31 

8.890 

34.88 

9.525 

35.16 

10.160 

35.30 

11.430 

35.42 

12.700 

35.41 

13.970 

35.38 

15.240 

35.36 

16.510 

35.35 

17.780 

35.39 

19.050 

35 . 34 

20.320 

35.30 

21.590 

35.32 

22.860 

35.33 

24.130 

35.31 

25.400 

35.28 

26.670 

35.35 

27.940 

35.31 

29.210 

35.28 

30.480 

35.31 

31.750 

35.31 

33.020 

35.31 

34.290 

35.31 

35.560 

35.32 

36.830 

35.32 

38.100 

35.30 

Table 50. 

Reconstructed Boundary 


Suction Surface 


Tiirbulenc€! 

Intensity 


0.104 
0.101 
0.097 
0.095 
0.094 
0.093 
0.094 
0.098 
0.099 
0.100 
0.100 
0.103 
0.104 
0.102 
0.106 
0 . 103 
0.101 
0.100 
0 . 098 
0 . 097 
0 . 094 
0.093 
0.089 
0.085 
0.080 
0.074 
0.068 
0.060 
0.049 
0.038 
0 . 030 
0.023 
0.019 
0.019 
0.018 
0 . 018 
0.018 
0.017 
0.017 
0.017 
0.017 
0.018 
0.017 
0.017 
0.018 
0.017 
0.016 
0.017 
0.017 
0.017 
0.016 
0 . 017 
0.017 
0.017 


Layer at 43.3% Chord on the 
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y 

u 

Turbulence 

(ram) 

(m/s) 

Intensity 

0.381 

9.67 

0.088 

0.508 

10.24 

0.089 

0.635 

10.77 

0.089 

0.762 

11.20 

0.092 

1.016 

12.12 

0.091 

1.270 

12.84 

0.094 

1.524 

13.50 

0.096 

1.778 

14.06 

0.096 

2.032 

14.89 

0.098 

2.286 

15.46 

0.096 

2.540 

16.17 

0.098 

2.794 

16.83 

0 . 101 

3.048 

17.61 

0 . 101 

3.302 

18.20 

0.100 

3.556 

18.99 

0 . 104 

3.810 

19.60 

0 . 104 

4.064 

20.37 

0.107 

4.318 

21.13 

0.103 

4.572 

21.82 

0.105 

4.826 

22.53 

0.107 

5.080 

23.17 

0.107 

5.334 

23.77 

0.107 

5.842 

25.10 

0.105 

6.350 

26.49 

0.102 

6.985 

27.91 

0.098 

7.620 

29.24 

0.090 

8.255 

30.39 

0.082 

8.890 

31.39 

0.072 

10.160 

32.86 

0.045 

11.430 

33.41 

0.031 

12.700 

33.66 

0 . 025 

13.970 

33.73 

0.021 

15.240 

33.74 

0 . 018 

16.510 

33.75 

0.017 

17.780 

33.73 

0.017 

19.050 

33.76 

0.017 

20.320 

33.76 

0 . 017 

21.590 

33.81 

0.017 

22.860 

33.79 

0 . 017 

24.130 

33.78 

0.016 

25.400 

33.77 

0.016 

26.670 

33.76 

0.016 

27.940 

33.80 

0 . 016 

29.210 

33.80 

0.016 

30.480 

33.77 

0.016 

31.750 

33.77 

0.015 

33.020 

33.80 

0.016 

34.290 

33.77 

0.016 

35.560 

33.77 

0.015 

36.830 

33.80 

0.015 

38.100 

33.77 

0.015 


Table 51. Reconstructed Boundary Layer at 53.6% Chord on the Suction 
Surface 
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y 

(mm) 

(m/s) 

llirbulence 

Intensity 

0.254 

3.43 

0.075 

0.508 

4.61 

0.083 

0.762 

5.23 

0.088 

1.016 

5.88 

0.090 

1.270 

6.45 

0.092 

1.524 

6.89 

0.096 

1.778 

7.49 

0.096 

2.032 

7.93 

0.098 

2.286 

8.61 

0.104 

2.540 

9.19 

0.106 

2.794 

9.52 

0.109 

3.048 

10.22 

0.110 

3.302 

10.86 

0.114 

3.556 

11.31 

0.115 

3.810 

11.96 

0.117 

4.064 

12.56 

0.119 

4.318 

13.24 

0.120 

4.572 

13.59 

0.123 

4.826 

14.40 

0.125 

5.080 

14.95 

0.126 

5.334 

15.51 

0.129 

5.842 

16.82 

0.130 

6.350 

17.96 

0.135 

6.985 

19.88 

0.132 

7.620 

21.68 

0.126 

8.255 

23.19 

0.125 

8.890 

24.61 

0.116 

9.525 

25.92 

0.114 

10.160 

27.29 

0.100 

10.795 

28.22 

0.100 

11.430 

29.22 

0.089 

12.065 

30.01 

0.077 

12.700 

30.60 

0.065 

13.335 

31.03 

0.053 

13.970 

31.29 

0.043 

15.240 

31.60 

0.028 

16.510 

31.74 

0.022 

17.780 

31.71 

0.017 

19.050 

31.75 

0.017 

20.320 

31.79 

0.017 

21.590 

31.76 

0 . 017 

22.860 

31.74 

0.017 

24.130 

31.76 

0.016 

25.400 

31.73 

0.017 

26.670 

31.76 

0.016 

27.940 

31.80 

0 . 015 

29.210 

31.77 

0.015 

30.480 

31.79 

0.015 

31.750 

31.78 

0.015 

33.020 

31.77 

0.015 

34.290 

31.79 

0.016 

35.560 

31.78 

0.015 

36.830 

31.77 

0.016 

38.100 

31.73 

0.016 


Table 52. Reconstructed Boundary Layer at 63.2% Chord on the 
Suction Surface 
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(mm) 


0.254 

0.508 

0.762 

1.016 

1.270 

1.524 
1.778 
2.032 
2.286 
2.540 
2.794 
3.048 
3.302 
3.556 
3.810 
4.064 
4.318 
4.572 
4.826 
5.080 
5.334 
5.842 
6.350 
6.985 
7.620 
8.255 
8.890 

9.525 
10.160 
10.795 
11.430 
12.065 
12.700 
13.335 
13.970 
14.605 
15.240 
15.875 
16.510 
17.145 
17.780 
19.050 
20.320 
21.590 
22.860 
24.130 
25.400 
26.670 
27.940 
29.210 
30.480 
31.750 
33.020 
34.290 
35.560 
36.830 
38.100 


Table 53. Reconstructed 
Surface 


u 

(m/s) 


0.90 

1.58 
1.93 
2.03 
2.39 
2.76 
3.02 

3.28 

3.56 
3.80 

4.28 
4.65 
4.84 
5.18 

5.59 
5.73 
6.26 
6.45 
6.89 
7.17 

7.56 

8.57 
9.13 

10.40 

11.45 

12.88 

13.78 

15.10 
16.82 
18.13 

19.42 
20.63 
21.97 

23.28 
24.56 
25.81 
26.70 
27.74 

28.42 

29.29 
29.91 
30.80 
31.06 

31.11 
31.16 
31.19 
31.24 
31.27 

31.27 

31.30 
31.30 
31.26 
31.26 
31.26 

31.24 

31.28 

31.25 


Boundary Layer at 74.0% 


Turbulence 
Intensi ty 


0.056 
0.073 
0.078 
0.080 
0 . 087 
0.091 
0.087 
0.092 
0.092 
0.094 
0.095 
0.093 
0.097 
0.100 
0.099 
0.101 
0.103 
0.107 
0.105 
0.110 
0.109 
0.110 
0.111 
0.116 
0.123 
0.126 
0.128 
0.135 
0.130 
0.132 
0.131 
0.132 
0.132 
0 . 126 
0.126 
0.114 
0.110 
0.102 
0.097 
0.078 
0.063 
0.041 
0.029 
0.024 
0.019 
0.019 
0.017 
0.016 
0.016 
0.016 
0.016 
0.015 
0.016 
0.016 
0.015 
0.016 
0.016 


Chord on the Suet Ion 
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y 

u 

Turbulence 

(mm) 

(m/s) 

Intensity 

0.254 

- 0.05 

0.006 

0.508 

0.00 

- 0.043 

0.762 

- 0.02 

0.101 

1.016 

0.00 

0.103 

1.270 

0.02 

0.108 

1.524 

0.21 

- 0.067 

1.778 

0.31 

- 0.088 

2.032 

0.25 

0.045 

2.286 

0.41 

0.136 

2.540 

0.54 

0.104 

2.794 

0.86 

0.094 

3.048 

1.05 

0.106 

3.302 

1.39 

0.103 

3.556 

1.44 

0.101 

3.810 

1.51 

0.104 

4.064 

1.76 

0.098 

4.318 

1.95 

0.100 

4.572 

2.07 

0.104 

4.826 

2.37 

0.103 

5.080 

2.55 

0.106 

5.715 

3.12 

0.108 

6.350 

3.95 

0.109 

6.985 

4.50 

0.108 

7.620 

5.05 

0.110 

8.255 

5.77 

0.112 

8.890 

6.49 

0,117 

9.525 

7.20 

0.118 

10.160 

7.97 

0.118 

10.795 

8.88 

0.124 

11.430 

9.27 

0.126 

12.065 

10.24 

0.130 

12.700 

11.07 

0.134 

13.335 

12.16 

0.135 

13.970 

13.04 

0.140 

14.605 

13.86 

0.142 

15.240 

15.04 

0.141 

15.875 

16.27 

0.144 

16.510 

17.23 

0.146 

17.145 

18.33 

0.147 

17.780 

19.33 

0.146 

18.415 

20.57 

0.143 

19.050 

21.62 

0.140 

19.685 

22.58 

0.140 

20.320 

23.52 

0.141 

20.955 

24.48 

0.131 

21.590 

25.51 

0.130 

22.225 

26.69 

0.109 

22.860 

27.52 

0.100 

24.130 

28.56 

0.082 

25.400 

29.46 

0.062 

26.670 

29.92 

0.045 

27.940 

30.21 

0.033 

29.210 

30.32 

0.028 

30.480 

30.40 

0.021 

31.750 

30.40 

0.020 

33.020 

30.46 

0.020 

34.290 

30.44 

0.018 

35.560 

30.44 

0.020 

36.830 

30.47 

0.022 

38.100 

30.48 

0.016 




Table 34. Reconstructed boundary Layer at 84.2% Cliord on the Suction Sutiace 
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y 

(mm) 

u 

(m/s) 

Turbulence 

Intensity 

0.254 

-0.18 

0.040 

0.508 

-0.32 

0.066 

0.762 

-0.74 

0.106 

1.016 

-0.90 

0.127 

1.270 

-0.82 

0.125 

1.524 

-0.75 

0.848 

1.778 

-0.76 

0.265 

2.032 

-0.36 

-0.075 

2.286 

-0.46 

0.020 

2.540 

-0.45 

0.118 

2.794 

-0.51 

0.009 

3.048 

-0.30 

0.054 

3.302 

-0.36 

0.033 

3.556 

-0.15 

-0.094 

3.810 

-0.10 

0.057 

4.064 

0.06 

-0.019 

4.318 

0.20 

-0.044 

4.572 

0.17 

-0.004 

4.826 

0.17 

-0.002 

5.080 

0.39 

-0.278 

5.715 

0.57 

0.170 

6.350 

0.91 

0.070 

6.985 

1.26 

-0.138 

7.620 

1.51 

0.179 

8.255 

1.85 

0.173 

8.890 

2.06 

0.138 

9.525 

2.38 

0.125 

10.160 

2.71 

0.118 

10.795 

2.96 

0.128 

11.430 

3.45 

0.125 

12.065 

3.71 

0.123 

12.700 

4.18 

0.119 

13.335 

4.96 

0.122 

13.970 

5.24 

0.122 

14.605 

5.98 

0.125 

15.240 

6.30 

0.124 

15.875 

6.73 

0.125 

16.510 

7.11 

0.130 

17.145 

7.77 

0.128 

17.780 

8.21 

0.130 

18.415 

8.79 

0.135 

19.050 

9.31 

0.139 

19.685 

9.99 

0.141 

20.320 

10.53 

0.142 

20.955 

11.58 

0.142 

21.590 

12.41 

0.147 

22.225 

13.10 

0.151 

22.860 

14.05 

0.147 

23.495 

14.73 

0.152 

24.130 

15.77 

0.152 

24.765 

16.63 

0.152 

25.400 

17.50 

0.156 

26.035 

18.33 

0.155 

26.670 

19.33 

0.153 

27.305 

20.36 

0.152 

27.940 

21.24 

0.153 

28.575 

22.29 

0.148 

29.210 

23.50 

0.141 

29.845 

24.48 

0.136 

30.480 

25.14 

0.127 


Table 55. Reconstructed Boundary I.ay'or at 94.9% Chord on the Suction Surface 


100 


31.115 

26.07 

0.125 

31.750 

27.04 

0.105 

32.385 

27.55 

0.100 

33.020 

27.96 

0.090 

34.290 

28.68 

0.071 

35.560 

29.24 

0.049 

36.830 

29.51 

0.038 

38.100 

29.56 

0.030 

39.370 

29.70 

0.023 

40.640 

29.71 

0.022 

41.910 

29.76 

0.020 

43.180 

29.71 

0.019 


Table 55. (Continued) 


Ludweig -Tillman Equation 





Table 56. Suction Surface Boundary Layer Parameters Determined from a Parametric Cubic 
Spline Fit of the Data 
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y 

(inm) 

u 

(m/s) 

Turbulence 

Intensity 

- 63.500 

28.98 

0.019 

- 62.230 

29.00 

0.019 

- 60.960 

29.02 

0.021 

- 59.690 

29.11 

0.020 

- 58.420 

29.07 

0.021 

- 57.150 

29.01 

0.020 

- 55.880 

29.08 

0.020 

- 54.610 

29.11 

0.021 

- 53.340 

29.13 

0.020 

- 52.070 

29.16 

0.022 

- 50.800 

29.13 

0.022 

- 49.530 

29.27 

0.023 

- 48.260 

29.19 

0.027 

- 46.990 

29.26 

0.027 

- 45.720 

29.22 

0.033 

- 44.450 

29.28 

0.036 

- 43.180 

29.21 

0.038 

- 41.910 

29.05 

0.051 

- 40.640 

28.66 

0.068 

- 39.370 

28.05 

0.082 

- 38.100 

26.84 

0.105 

- 37.465 

26.16 

0.117 

- 36.830 

25.24 

0.131 

- 36.195 

24.32 

0.140 

- 35.560 

23.29 

0.147 

- 34.925 

22.06 

0.151 

- 34.290 

21.09 

0.162 

- 33.655 

20.05 

0.167 

- 33.020 

18.87 

0.173 

- 32.385 

17.84 

0.169 

- 31.750 

17.15 

0.164 

- 31.115 

16.07 

0.168 

- 30.480 

15.07 

0.170 

- 29.845 

13.97 

0.167 

- 29.210 

13.30 

0.165 

- 28.575 

12.37 

0.163 

- 27.940 

11.51 

0.166 

- 27.305 

10.56 

0.166 

- 26.670 

9.53 

0.168 

- 26.035 

8.92 

0.166 

- 25.400 

8.32 

0.165 

- 24.765 

7.57 

0.165 

- 24.130 

6.87 

0.167 

- 23.495 

6.35 

0.164 

- 22.860 

5.54 

0.165 

- 22.225 

4.99 

0.168 

- 21.590 

4.33 

0.167 

- 20.955 

3.96 

0.167 

- 20.320 

3.37 

0.168 

- 19.685 

2.83 

0.165 

- 19.050 

2.22 

0.161 

- 18.415 

1.90 

0.162 

- 17.780 

1.51 

0.159 

- 17.145 

1.08 

0.165 

- 16.510 

0.65 

0.177 

- 15.875 

0.40 

- 0.217 

- 15.240 

0.11 

- 0.072 

- 14.605 

- 0.14 

0.248 

- 13.970 

- 0.37 

0.164 

- 13.335 

• 0.63 

0.187 


Table 59. Wake at 105.4% Chord 


106 


- 12.700 

- 0.94 

0.134 

- 12.065 

- 1.29 

0.148 

- 11.430 

- 1.26 

0.123 

- 10.795 

- 1.45 

0.119 

- 10.160 

- 1.71 

0.110 

- 9.525 

- 1.93 

0.108 

- 8.890 

- 2.02 

0.104 

- 8.255 

- 2.08 

0.101 

- 7.620 

- 2.21 

0.094 

- 6.985 

- 2.19 

0.093 

- 6.350 

- 2.24 

0.089 

- 5.715 

- 1.88 

0.088 

- 5.080 

- 0.98 

0.102 

- 4.445 

1.17 

0.146 

- 3.810 

4.50 

0.136 

- 3.175 

8.65 

0.159 

- 2.540 

14.29 

0.183 

- 1.905 

20.46 

0.166 

- 1.270 

25.01 

0.118 

- 0.635 

27.55 

0.078 

0.000 

28.63 

0.062 

1.270 

29.53 

0.039 

2.540 

29.62 

0.031 

3.810 

29.48 

0.030 

5.080 

29.44 

0.025 

6.350 

29.25 

0.021 

7.620 

29.19 

0.020 

8.890 

29.11 

0.021 

10.160 

29.05 

0.021 

11.430 

28.93 

0.022 

12.700 

28.93 

0.022 

13.970 

28.80 

0.021 

15.240 

28.75 

0.021 

16.510 

28.64 

0.022 

17.780 

28.56 

0.021 

19.050 

28.53 

0.021 

20.320 

28.54 

0.021 

21.590 

28.46 

0.021 

22.860 

28.49 

0.020 

24.130 

28.43 

0.021 

25.400 

28.37 

0.020 

26.670 

28.33 

0.021 

27.940 

28.28 

0.021 

29.210 

28.36 

0.022 

30.480 

28.22 

0.021 

31.750 

28.26 

0.023 

33.020 

28.25 

0.022 

34.290 

28.24 

0.022 


Table 59. (Continued) 
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y 

(mm) 

u 

(m/s) 

Turbulence 

Intensity 

-66.040 

28.78 

0.023 

-64.770 

28.82 

0.023 

-63.500 

28.90 

0.023 

-62.230 

28.88 

0.024 

-60.960 

28.90 

0.024 

-59.690 

28.90 

0.023 

-58.420 

28.87 

0.025 

-57.150 

28.91 

0.026 

-55.880 

28.98 

0.026 

-54.610 

29.01 

0.026 

-53.340 

29.08 

0.028 

-52.070 

28.95 

0.027 

-50.800 

28.95 

0.039 

-49.530 

28.94 

0.042 

-48.260 

28.91 

0.044 

-46.990 

28.79 

0.053 

-45.720 

28.30 

0.071 

-44.450 

27.43 

0.098 

-43.815 

27.39 

0.098 

-43.180 

26.65 

0.110 

-42.545 

25.87 

0.127 

-41.910 

25.42 

0.129 

-41.275 

24.41 

0.143 

-40.640 

23.87 

0.152 

-40.005 

22.62 

0.159 

-39.370 

21.47 

0.169 

-38.735 

20.80 

0.175 

-38.100 

19.53 

0.176 

-37.465 

18.90 

0.175 

-36.830 

17.85 

0.183 

-36.195 

16.84 

0.183 

-35.560 

16.11 

0.187 

-34.925 

14.90 

0.191 

-34.290 

13.85 

0.195 

-33.655 

13.39 

0.186 

-33.020 

12.33 

0.195 

-32.385 

11.51 

0.190 

-31.750 

10.57 

0.197 

-31.115 

9.94 

0.188 

-30.480 

8.91 

0.191 

-29.845 

7.98 

0.187 

-29.210 

7.52 

0.187 

-28.575 

6.65 

0.191 

-27.940 

6.34 

0.190 

-27.305 

5.46 

0.189 

-26.670 

5.26 

0.186 

-26.035 

4.24 

0.190 

-25.400 

3.86 

0.193 

-24.765 

3.05 

0.185 

-24.130 

2.81 

0.185 

-23.495 

2.15 

0.188 

-22.860 

1.57 

0.179 

-22.225 

1.25 

0.187 

-21.590 

0.81 

0.207 

-20.955 

0.54 

0.266 

-20.320 

-0.20 

0.174 

-19.685 

-0.52 

-0.359 

-19.050 

-0.59 

0.241 

-18.415 

-0.79 

0.173 

-17.780 

-1.28 

0.145 


Table 60. Wake at 106.6% Chord 
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- 17.145 

- 1.52 

0.140 

- 16.510 

- 1.86 

0.137 

- 15.875 

- 1.86 

0.134 

- 15.240 

- 2.10 

0.126 

- 14.605 

- 2.36 

0.121 

- 13.970 

- 2.44 

0.111 

- 13.335 

- 2.36 

0.110 

- 12.700 

- 2.46 

0.109 

- 12.065 

- 2.41 

0.107 

- 11.430 

- 2.31 

0.102 

- 10.795 

- 2.03 

0.103 

- 10.160 

- 1.39 

0.105 

- 9.525 

- 0.62 

0.123 

- 8.890 

0.56 

0.442 

- 8.255 

2.14 

0.137 

- 7.620 

4.23 

0.141 

- 6.985 

6.61 

0.150 

- 6.350 

9.14 

0.162 

- 5.715 

12.56 

0.174 

- 5.080 

16.37 

0.178 

- 4.445 

20.54 

0.169 

- 3.810 

23.97 

0.142 

- 3.175 

26.46 

0.108 

- 2.540 

27.91 

0.081 

- 1.270 

29.24 

0.048 

0.000 

29.41 

0.043 

1.270 

29.45 

0.031 

2.540 

29.44 

0.024 

3.810 

29.31 

0.024 

5.080 

29.22 

0.022 

6.350 

29.20 

0.024 

7.620 

29.17 

0.024 

8.890 

29.11 

0.023 

10.160 

29.04 

0.023 

11.430 

28.93 

0.023 

12.700 

28.93 

0.022 

13.970 

28.90 

0.023 

15.240 

28.75 

0.023 

16.510 

28.79 

0.024 

17.780 

28.73 

0.023 

19.050 

28.71 

0.023 

20.320 

28.71 

0.024 

21.590 

28.61 

0.024 

22.860 

28.65 

0.023 

24.130 

28.59 

0.023 
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, y 

u 

Tarbu'J ancza 

( mm ) 

( m / s ) 

Intensity 

- 134.137 

26.26 

— 

- 130.962 

26.25 



- 127.787 

26.15 



- 124.612 

26.04 

— 

- 121.437 

25.79 

— 

- 118.262 

25.38 

— 

- 115.087 

25.02 


- 111.912 

24.60 

— 

- 108.737 

23.77 

- - 

- 105.562 

22.64 

- 

- 102.387 

22.12 



- 99.212 

20.81 


- 96.037 

19.32 


- 92.862 

18.04 

- - 

- 89.687 

16.33 


- 86.512 

14.69 



- 83.337 

13.17 

— 

- 80.162 

11.84 


- 76.987 

10.74 


- 73.812 

9.69 


- 70.637 

9.32 


- 67.462 

9.16 


- 64.287 

9.58 

— 

- 61.112 

10.60 

. 

- 57.937 

12.26 

— 

- 54.762 

14.20 


- 51.587 

16.11 

— 

- 48.412 

18.33 

— 

- 45.237 

20.22 


- 42.062 

22.08 

„ 

- 38.887 

23.55 

. 

- 35.712 

24.78 

— 

- 32.537 

25.43 


- 29.362 

25.90 


- 26.187 

26.05 


- 23.012 

26.16 


- 19.837 

26.15 

— 

- 16.662 

26.17 


- 13.487 

26.14 

... _ , . _ 


Table 61. Wake at 152.6% Chord 


Pr6ssur6 Side of Wake Centerline 




Suction Side of Wake Centerline 
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